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Abstract: 
Plant cells and tissue cultures are sources of secondary plant metabolites. Substances produced by callus cultures can expand the 
raw material base in pharmacy and food production. However, isolating biologically active substances from medicinal plants is 
a labor- and time-consuming process. As a result, new and efficient technological processes adapted for extraction from callus 
cultures are in high demand, and new algorithms of isolation and purification of biologically active substances remain a relevant 
task.
This research featured callus cultures of Scutellaria baicalensis L. The procedures for phytochemical analysis and isolation of 
biologically active substances involved such physicochemical research methods as high-performance chromatography (HPLC), 
thin-layer chromatography (TLC), UV spectrometry, and IR spectrometry.
The high performance liquid chromatography confirmed the presence of flavonoids represented by baicalein (5,6,7-trioxyflavone), 
baicalin (baicalein 7-O-glucuronide), scutellarein (5,6,7,4-tetraoxyflavone), scutellarin (7-O-glucuronide scutellarein), vagonin, 
and oroxylin. The spectral analyses also detected skutebaicalin. The highest total content of diterpene belonged to the samples 
extracted with 70% ethanol at 70°С. The content of diterpene was 0.09 mg/cm3 in terms of betulin. The biologically active 
substances were isolated from the callus extracts of S. baicalensis with a recovery rate of ≥ 80%. The purification scheme made 
it possible to obtain highly-pure individual biologically active compounds: trans-cinnamic acid, baicalin, and oroxylin A had a 
purity of ≥ 95%; baicalein had a purity of ≥ 97%; scutellarin and luteolin reached ≥ 96%.
The new technological extraction method made it possible to obtain extracts from S. baicalensis callus cultures, which were 
tested for the component composition. The developed isolation algorithm and purification scheme yielded biologically active 
substances with a purification degree of ≥ 95%.
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INTRODUCTION
Scutellaria baicalensis L., known as Baikal or  

Chinese skullcap, is a valuable medicinal plant, his- 
torically used in Tibetan medicine [1]. It grows in 
Mongolia and Manchu; in Russia, it is to be found in 
Eastern Siberia, Dauria, and Primorye, as well as in the 
valleys of the Angara and the Amur and in the Sayan 
mountains [2]. S. baicalensis has a diverse chemical 

composition andis known to be rich in flavonoids  
of the flavone group: their content reaches 10% in 
the roots [3–7]. The plant is included in the phar- 
macopoeias of China, Japan, the Republic of Korea, 
and Great Britain, as well as in the ninth edition of 
the European Pharmacopoeia [8]. The qualitative and 
quantitative analyses of its components and phyto- 
preparations revealed a multicomponent composition 
and a matrix effect [9, 10]. Based on the instrumental 
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analysis, the standardization depends on the content 
of the main active components, namely baicalein and 
scutellarein, together with their glycosidated forms [11].

Both total extracts and individual substances 
obtained from S. baicalensis are known to have a 
positive effect on human health. Baicalin is a flavone 
isolated from the roots of S. baicalensis. It possesses 
antimicrobial, anti-inflammatory, antitumor, antioxidant, 
and immunomodulatory properties. Baicalin can be used 
alone or as a stimulant with other drugs to treat various 
diseases [12–14]. The anti-inflammatory and antioxidant 
properties mean that extracts and individual substances 
of S. baicalensis can be used in the treatment and 
rehabilitation of COVID 19 [15, 16]. 

The biological activity of flavonoids obtained 
from S. baicalensis depends on their structure [17]. 
S. baicalensis is one of the most promising plant raw 
materials for neuroprotectors that treat concomitant 
cerebral vascular insufficiency and dementia because 
it protects vascular endothelial cells and prevents 
atherosclerosis [18, 10]. These pharmacological pro- 
perties are especially beneficial for senior population. 
Extracts and individual components obtained from 
S. baicalensis can be used in geriatrics as part of 
innovative drugs and functional foods that prevent or 
inhibit premature aging.

S. baicalensis is a highly-demanded raw material but 
a limited natural resource. Pharmacy and food industry 
need alternative sources to satisfy the growing demand 
for its valuable extracts and individual substances [20]. 
The existing isolation algorithms are labor-, time-, and 
resource-consuming. They hardly take into account 
individual characteristics of the plant component and the 
matrix effect of the extract. As a result, novel extraction 
procedures adapted to callus cultures and new effective 
isolation and purification algorithms remain a relevant 
task.

The research objective was to develop a new method 
to extract and accumulate key components obtained 
from the callus culture of S. baicalensis. Isolating 
individual biologically active substances from total 
extracts is a promising approach, which is especially 
important for processing biotechnological extracts. This 
approach usually relies on different concepts of isolati- 
on and purification, including liquid-liquid post-extrac- 
tion, recrystallization, and sorption-chromatographic 
technologies.

This research offers a complete cycle for S. baica- 
lensis callus extracts, followed by isolation and pu- 
rification of individual biologically active substan- 
ces. The developed procedure provides a sequen- 
tial use of various types of sorbents to reduce the 
number of stages, increase the process efficiency,  
and obtain high-purity individual substances from 
S. baicalensis callus extracts, which proved to be an 
excellent source of pharmacologically active com- 
pounds.

Pure substances of plant origin are very impor- 
tant for basic research, but modern efficient recovery 

and purification processes must meet the so-called green 
chemistry criteria, i.e., safety, sustainability, feasibility, 
and efficiency [21–25].

STUDY OBJECTS AND METHODS 
The study featured in vitro callus cell cultures ob- 

tained from seeds of Scutellaria baicalensis L. of the 
Labiaceae family.

To obtain sterile material, the seeds were kept at 
4°C for two weeks for stratification. After that, they 
were soaked in 96% ethanol for 30 s and a 6% sodium 
hypochlorite solution for 30 min. Upon sterilization, the 
material was soaked three times under distilled sterile 
water for 20 min. To obtain sterile seedlings, the seeds 
were planted on an agar medium in 60- and 90-mm Pet- 
ri dishes. The first seedlings appeared after 4–5 weeks. 
The sterile seedlings with 2–4 true leaves were used to 
induce callus cell cultures. The leaves and stems were 
cut into pieces and planted on agar media in 60- and 
90-mm Petri dishes, as well as in jars with ventilated 
lids. The primary calli were registered on cultivation  
days 7–14.

The media had a Gamborg (B5) mineral base 
with casein hydrolyzate, inositol, sucrose, and agar. 
Indoleacetic acid (IAA), 2,4-dichlorophenoxyacetic acid  
(2,4-D), kinetin, and 6-benzylaminopurine (BAP) ser- 
ved as growth regulators.

Studying the biologically active components. To 
obtain callus extracts from S. baicalensis, we selected 
rational parameters for the extraction of a bioactive 
complex with potential geroprotective properties from 
the callus biomass. Ethyl alcohol served as extractant. 
The dried callus was crushed in a mill and sieved 
through a 1-mm sieve. The resulting callus powder  
(3.0 g) was extracted in 260 cm3 of ethanol. The ext- 
raction was carried out in a water bath under reflux 
at extraction frequency mode 2. The extractant con- 
centration (C, %), extraction temperature (t, °C), and 
extraction time (t, h) were independent variables. The 
optical density of the extracts served to assess the 
efficiency of the process (Table 1). 

Isolating the biologically active substances. 
Figure 1 shows the process of isolating individual 
biologically active substances from the callus extract of 
S. baicalensis.

Purifying the biologically active compounds. The 
purification of individual biologically active substances 
isolated from S. baicalensis callus extract included the 
following stages:

1. We evaporated the ethanol extract under vacuum 
at ≤ 50°C, added diethyl ether to the evaporated residue, 
and processed it three times;

2. The resulting ether fractions were combined and 
evaporated using an IKA RV 8 rotary evaporator;

3. The dry residue (stage 1) was treated with water at 
70°C, while the aqueous fraction was treated first with 
n-butanol and then three times with ethyl acetate;

4. We isolated baicalein from the n-butanol fraction 
(stage 3);



174

Milentyeva I.S. et al. Foods and Raw Materials. 2023;11(1):172–186

Table 1 Optical density of Scutellaria baicalensis callus extracts

Temperature, °С Volume fraction of ethanol in extractant, %
30 50 70

Extraction time, 2 h
Sample

30 1 2 3
0.3903 ± 0.0058 0.5553 ± 0.0051 1.4150 ± 0.0225

50 4 5 6
0.4365 ± 0.0066 0.5658 ± 0.0062 1.1146 ± 0.0099

70 7 8 9
0.3674 ± 0.0030 0.5323 ± 0.0048 1.3870 ± 0.0235

Extraction time, 4 h
30 10 11 12

1.0529 ± 0.0100 1.4339 ± 0.0311 1.6221 ± 0.0423
50 13 14 15

1.1727 ± 0.0132 1.3836 ± 0.0226 1.6446 ± 0.0459
70 16 17 18

1.1653 ± 0.0126 1.4085 ± 0.0301 1.8900 ± 0.0627
Extraction time, 6 h

30 19 20 21
1.3974 ± 0.0321 1.9995 ± 0.0665 2.3913 ± 0.0725

50 22 23 24
1.2333 ± 0.0299 1.7362 ± 0.0420 1.8839 ± 0.0621

70 25 26 27
1.8233 ± 0.0356 1.5790 ± 0.0310 2.1652 ± 0.0632

Figure 1 Isolating biologically active substances from Scutellaria baicalensis callus extract
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5. The ethyl acetate fraction (stage 3) was combined 
and evaporated;

6. The fraction (stage 5) was chromatographed on 
Sephadex LH-20 in the mobile phase, gradient Н2О-
МеОН (1:0 to 1:2);

7. 97% baicalein was isolated after additional pu- 
rification on sephadex LH-20 in the mobile phase, 
gradient Н2О-МеОН (1:0 to 1:2);

8. The ethyl acetate fraction of flavonoids (stage 3) 
was combined and evaporated;

9. The ether fraction (stage 1) was chromatographed 
with silica gel, gradient n-hexane-isopropanol (1:0 to 0:1). 
After that, we isolated flavonoids and hydroxycinnamic 
acids; and 

10. Rechromatography with silica gel; a mobile phase 
was n-hexane-chloroform (1:0 to 0:1). Rechromatogra- 
phy made it possible to isolate fractions with trans-cin- 
namic acid, baicalin, and oroxylin A. Their purity rea- 
ched ≥ 95%.

Figure 2 illustrates the purification scheme for 
biologically active substances obtained from the  
S. baicalensis callus extract.

This purification scheme made it possible to 
obtain individual biologically active substances with a 
purification rate that exceeded 95%.

Spectrophotometry. The spectral (UV) profiles of  
the total extracts and individual components were 

recorded using a spectrophotometer (OKB Spectr,  
St. Petersburg, Russia) in the wavelength range of  
190–600 nm with a resolution of 0.5 nm in liquid 
cuvettes with a long optical path of 10 mm. Photometry 
was applied to both pure components and their mi- 
xes with reagents. This approach made it possible to r 
eveal the general and specific properties of flavo- 
noid compounds and differential spectra after speci- 
fic reagents were added. The list of reagents included  
AlCI3/HCI, NaOMe, NaOAc, and NaOAc/H3BO3.

IR spectrometry. Infrared spectra were obtained 
from a disk with potassium bromide in the range of 
4000–400 cm–1 with a resolution of 4 cm–1 and 50  
accumulation cycles using an FSM-2202 Fourier spect- 
rometer.

Pre-HPLC treatment. The acid hydrolysis test fol- 
lowed the procedure described below. We placed 2 cm3 
of S. baicalensis callus extract in a 100-cm3 conical flask 
with 20 cm3 of methanol (Ecos-1, ChDA, Russia) and  
2 N HCI (Sigma Tech, Russia) at a ratio of 1:1. The mix 
was sonicated for 5 min, hydrolyzed in a boiling water 
bath under reflux for 20 min, evaporated under vacuum 
to a dry residue, and dissolved in 2 cm3 of the mobile 
phase.

We calculated the relative standard deviation for the 
peak areas of baicalin (CAS no. 21967-41-9 Product  
No. Y0001273, Sigma-Aldrich, Germany) and scutella- 

Figure 2 Purifying biologically active substances obtained from Scutellaria baicalensis callus extract
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rein (CAS: 529-53-3 Product No. С0327, Sigma-Aldrich, 
Germany). The procedure involved five chromatograms, 
and the deviation was below 0.5%. The efficiency of the 
chromatographic column exceeded 10 000 theoretical 
plates.

Thin-layer chromatography (TLC). The thin-layer 
chromatography test included Sorbfil PTSKh-AF-A 
and HPLC Silica gel 60 RP-18 plates (Merk) followed 
by a densitometry using the Sorbfil TLC plate. The 
densitometer was equipped with a Sony photofixation 
system (Handycam HDR-CX405, IMID, Russia). The 
photofixation was conducted at wavelengths of 254 
and 365 nm in the visible radiation range after specific 
derivatization. The elution involved several systems of 
mobile phases:

1) chloroform (chemical purity grade, Ecos-1, Rus- 
sia):methanol (standard pure, Ecos-1, Russia): water: gla- 
cial acetic acid (chemical purity grade, Ecos-1, Russia) 
at the ratio of 100:10:1:0.3;

2) benzene:ethyl acetate:acetic acid (standard pure, 
Ecos-1, Russia) at a ratio of 100:60:0.5;

3) chloroform:methanol:water:formic acid (standard 
pure, Ecos-1, Russia) at a ratio of 25:8:1:0.5;

4) ethyl acetate:dimethyl ketone:water:formic acid 
(standard pure, Ecos-1, Russia) at a ratio of 6:3:1:1; and

5) n-butanol:acetic acid (standard pure, Ecos-1, Rus- 
sia):water at a ratio of 60:15:25.

We used diluted sulfuric acid or a 25% ethanolic 
solution of phosphotungstic acid as developers.

High performance liquid chromatography 
(HPLC). The HPLC followed the procedure described 
in [26]. The following eluents served as the mobile 
phase:

1) tetrahydrofuran:acetic acid (standard pure, Ecos-1, 
Russia):5% H3PO4:water at a ratio of 19:20:2:59; and 

2) tetrahydrofuran:dioxane:methanol:acetic acid:5% 
H3PO4:water at a ratio of 14.5:12.5:5:2:2:66.

The substances were separated using a Shimadzu 
LC-20 Prominence chromatograph with a Shimadzu 
SPD20M diode array detector and a Hyper Clone 5 μm 
BDS 130Ǻ, C-18 250×4.6 mm column [27].

Statistical processing. Random errors were eva- 
luated by the method of mathematical statistics des- 
cribed by K. Derffel in his Statistics in Analytical 
Chemistry.

For a limited number of parallel measurements 
n (n < 20, sample data set), we applied the Student’s 
distribution, which links the sample size and the 
probability that a certain value falls into a given 
confidence interval.

 The mean value for a number of parallel 
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When processing the data, the boundaries of the con- 
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interval that encompasses the true value for a given con- 
fidence probability Р and the number of degrees of 
freedom f (f = n – 1): 
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The confidence probability was 95%, or 0.95, i.e., 
95 out of 100 values fell into the calculated interval. In 
the equation below, coefficient tPf was the Student’s 
coefficient of standard deviations. The dependence of tPf 
on f showed that the accuracy of the analysis increased 
together with the number of degrees of freedom, i.e., 
the number of parallel results. It happened because the 
confidence interval characterized the reproducibility 
and, to some extent, the accuracy. Based on the con- 
fidence interval, the true value of the result obtained was 
represented as the following equation:
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Table 2 Total flavones

Sample Total flavones, mg/cm3

1 19.64 ± 0.03
2 31.01 ± 0.05
3 79.82 ± 0.03
4 22.70 ± 0.07
5 31.97 ± 0.06
6 63.13 ± 0.06
7 19.31 ± 0.03
8 29.28 ± 0.08
9 80.68 ± 0.06
10 57.54 ± 0.11
11 79.71 ± 0.03
12 92.57 ± 0.08
13 65.71 ± 0.13
14 0.77 ± 0.02
15 93.86 ± 0.07
16 64.09 ± 0.06
17 79.94 ± 0.06
18 109.11 ± 0.08
19 76.41 ± 0.11
20 104.62 ± 0.03
21 121.07 ± 0.08
22 66.24 ± 0.03
23 91.99 ± 0.07
24 100.64 ± 0.05
25 95.22 ± 0.08
26 85.65 ± 0.06
27 113.05 ± 0.12
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RESULTS AND DISCUSSION
We recorded the spectrum of the native water-

alcohol extract to analyze the composition of wa- 
ter-alcohol callus extracts obtained from Scutellaria  
baicalensis L.

The samples contained flavonoids of the flavone 
group: baicalein (5,6,7-trioxyflavone), baicalin (7-O-glu- 
curonide of baicalein), scutellarein (5,6,7,4-tetraoxy- 
flavone), scutellarin (7-O-glucuronide scutellarein), vago- 
nin, and oroxylin. Table 2 represents their total content 
in the samples.

Figure 3 shows a sample densitogram of S. bai- 
calensis callus extract. The separation procedure 
involved a Sorbfil plate under conditions: n-butanol 
(PanReac, Germany):acetic acid (standard pure, Ecos-1,  
Russia):water at a ratio of 60:15:25. The plate was 
developed with a solution of 25% phosphotungstic acid 
(standard pure, LenReaktiv, Russia) and heated at 95°C 
for 10 min.

The thin-layer chromatography revealed the fol- 
lowing patterns. After the plate was treated with a so- 
lution of phosphotungstic acid and heated, lilac 

spots appeared on the start line (Rf value = 0). The 
spectral analysis identified the spot as skutebaicalin  
(Fig. 4).

The content of diterpene was 0.09 mg/cm3 in terms 
of betulin. The highest total content of diterpene be- 
longed to the samples extracted with 70% ethanol at 
70°C. The components with Rf = 0.5, 0.57, and 0.92  
(Fig. 3) were identified as scutellarin, vagonin, and bai- 
calin, respectively. When we used 80 and 90% ethanol 
as extractant, the amount of the extracted target sub- 
stance increased slightly. The total extract then 
had a lot of ballast substances of a lipid nature, in- 
cluding fatty acids. The separation of these compo- 
nents turned out to be more expensive and labor-
consuming. The complete extraction of the target 
components was achieved by triple treatment with 
70% ethanol, followed by combining the obtained  
extracts.

Figure 3 Densitogram of Scutellaria baicalensis callus extract: 1 – scutebaicalin, 6 – scutellarin, 7 – vagonin, 10 – baicalinb, 2–6, 
8, and 9 – not identified
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Table 3 Retention times of individual components of HPLC chromatogram: Sample 21 of aqueous-alcoholic Scutellaria 
baicalensis callus extract

Peak Retention time, min Component Quantity, µg/cm3

1 18.15 Hedithol-glucoside 3.90 ± 0.14
2 19.30 Scutellarein 14.87 ± 0.72
3 20.35 Chrysin 5.66 ± 0.50
4 25.70 Baicalin 19.31 ± 0.98
5 27.30 Neobaicalein 15.33 ± 0.32
6 28.70 Isoscutellarein 3.50 ± 0.50
7 31.03 5,7-dihydroxy-6-methoxyflavone 8.95 ± 0.37

Figure 6 HPLC chromatogram of purified scutellarein isolated from Scutellaria baicalensis callus extract

m
A

U

500
400
300
200
100

0

min
0.0           2.5            5.0            7.5            10.0           12.5          15.0          17.5           20.0           22.5            

         
       

0,0 2,5 5,0 7,5 10,0 12,5 15,0 17,5 20,0 22,5 мин

0

100

200

300

400

500

мAU

m
A

U

200

150

100

50

0

min
15.0        16.0            17.0          18.0          19.0           20.0          21.0          22.0           23.0           24.0  

      
  

15,0 16,0 17,0 18,0 19,0 20,0 21,0 22,0 23,0 24,0 мин

0

50

100

150

200

мAU

Figure 7 HPLC chromatogram of purified chrysin isolated from Scutellaria baicalensis callus extract
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Figure 8 HPLC chromatogram of purified baicalin isolated from Scutellaria baicalensis callus extract
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The analytical HPLC test detected such flavonoids 
as scutellarein, wogonin, baicalin, chrysin, 5,7-dihydro- 
xy-6-methoxyflavone, and neobaicalein. The prepa- 
rative HPLC test involved a fraction collector and  
made it possible to accumulate individual biologically 
active substances. The chromatograms in Figs. 5–10 
illustrate their high purity.

Samples 1–8 demonstrated strong precipitation. The 
HPLC analysis showed that the component composi- 
tion of the residue was represented mainly by baicalein  
(Fig. 11).

The retention time and spectral profile corresponded 
to the baicalein standard (98.75%, Herbest, China).

We chose the amount of active compounds in 
their native state as the main factor in selecting the 
rational parameters for isolating individual biologically 
active substances. This factor incurred high-quality 
purification from ballast components. The isolated 
biologically active substances demonstrated an ext- 
raction degree of ≥ 80%. Figures 12–21 depict two 
purified samples of biologically active substances 
as structural formulae and the infrared spectra of 
individual biologically active substances with 95% 
purification. The infrared spectra coincided with the 
standard absorption bands. 

The infrared spectrum of baicalin (5,6-dihydroxy-4-
hydroxy-2-phenyl-4H-1-benzopyran-7-β-D-glucuronide) 
had the following features (Table 4). The band with the 
absorption maximum at 3398 cm–1 was typical of the 
associated OH groups. The bands at 2922 and 2853 cm–1 
appeared because of the symmetric and antisymmetric 
stretching vibrations of the tertiary carbon in the 
carbohydrate fragment.

The C=O bond in the carboxyl group corresponded 
to the 1725 cm–1 band.

The bands at 1657 and 1607 cm–1 appeared as a re- 
sult of stretching vibrations of the C=O bond, as well 
as the effect of OH groups in positions 3 and 5 in the 
heterocyclic fragment of the molecule. The latter 
happened due to the formation of an intramolecular 
hydrogen bond with C=O. It was the effect of this 

Figure 10 HPLC chromatogram of purified oroxylin A (5,7-dihydroxy-6-methoxyflavone) isolated from Scutellaria baicalensis 
callus extract
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Figure 12 Baicalin: structure
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Figure 13 Baicalin: infrared spectrum
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Table 4 Features of the infrared spectrum of baicalin

No. Structural fragments Wave number, cm–1 Type of vibrations/bonds of structural fragments
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1571, 1496, and 1462 Stretching vibrations of С=С bond in aromatic systems of 
rings A and B
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1408 Deformation vibrations of O-H bond at tertiary carbon atom
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1254, 1200, and 1147 Antisymmetric vibrations of С-О-С and С-С-О bonds in 
heterocycle structure
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849 Out-of-plane bending vibrations in hydroxyl group of ring B
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788, 764, and 745 Deformation vibrations of C-H bond in aromatic structures
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hydroxyl that distorted the planar arrangement of the 
pyran fragment and the bond, thus triggering a doublet 
resonance. Finally, the OH group at carbon atom 3 in the 
unsaturated pyran fragment (ring C) was responsible for 
the weak 1550 cm–1 band.

The bands at 1571, 1496, and 1462 cm–1 were as- 
sociated with the stretching vibrations of C-C bonds 
of aromatic systems in rings A and B. The 1408 cm–1  

band occurred as a result of the OH group at the 
tertiary carbon. The bands at 1364 and 1304 cm–1 were 
triggered by the in-plane deformation vibrations of O-H 
bonds in baicalin structure. The bands at 1254, 1200, 
and 1147 cm–1 appeared as a result of two interacting 
antisymmetric vibrations of the C-O-C and C-C-O 
bonds in the heterocycle structures, i.e., ring C and the 
carbohydrate fragment. The symmetrical stretching 
vibrations of the С-О-С and С-С-О bonds were 
responsible for the bands at 1107 and 1064 cm–1 in the 
carbohydrate fragment.

The band at 910 cm–1 was specific to the pyranose 
ring. A relatively weak 849 cm–1 band indicated out-of- 
plane C2-H bending vibrations, which hinted at an  
α-anomer with an equatorial arrangement of un 
substituted hydrogen atoms in ring bonds B-C. Tri- 
substituted ring A was connected with the deformation 
of the out-of-plane and in-plane vibrations of the 
C-H bond. It had bands at 788, 764, and 745 cm–1.  
Monosubstituted ring B had an out-of-plane bending 
vibration of the C-C bond at 726 cm–1.

The infrared spectrum of wogonin (5,7-dimethoxy-
8-methoxyflavone) had the following features (Table 5). 
The band with an absorption maximum at 3436 cm–1 was 
typical of the OH group in positions 3 and 7 position of 
ring A.

Stretching vibrations of methyl groups С-Н were 
registered at 2922 and 2853 cm–1.

The bands at 1657 and 1612 cm–1 occurred as a result 
of the stretching vibrations of the C=O bond, as well as 
the effect of OH groups in position 5 in the heterocyclic 
fragment of the molecule. The latter happened due to the 
formation of an intramolecular hydrogen bond with C=O. 
It was the effect of this hydroxyl that distorted the planar 

Figure 14 Wogonin: structure
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Figure 15. Wogonin: infrared spectrum

Table 5 Features of the infrared spectrum of wogonin

No. Structural fragments Wave number, cm–1 Type of vibrations/bonds of structural fragments
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1581, 1562, 1507, and 1453 Stretching vibrations of С=С bond in aromatic systems  
of rings A and B
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arrangement of the pyran fragment and the bond, thus 
triggering a doublet resonance.

The bands at 1581, 1562, 1507, and 1453 cm–1 were 
caused by the stretching vibrations of the С-С bond 
in the aromatic systems. The 1415 cm–1 band was 
related to the in-plane bending vibration of the O-H 
bond in tertiary carbon. The bands at 1391 and 1384 

cm–1 occurred as a result of the in-plane deformation 
vibrations of the О-Н bond in the wogonin structure. 
The bands at 1278, 1268, and 1162 cm–1 marked two 
interacting antisymmetric vibrations of the С-О-С 
and С-С-О bonds in the heterocycle structures and the 
methoxyl fragment of ring A. The symmetric stretching 
vibrations of the С-О-С and С- C-O were responsible  
for bands 1109 and 1024 cm–1.

The 910 cm–1 band was specific to the pyranose ring.
A relatively weak 844 cm–1 band indicated out-

of-plane bending vibrations of the С2-Н bond, which 
hinted at an α-anomer with the equatorial arrange- 
ment of unsubstituted hydrogen atoms of ring bond  
В-С. Trisubstituted ring A was characterized by bands 
at 787 and 766 cm–1 due to the deformation of the out-

Continuation of Table 5

No. Structural fragments Wave number, cm–1 Type of vibrations/bonds of structural fragments
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1391 and 1384 Planar deformation vibrations of О-Н bond
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1278, 1268, and 1162 Antisymmetric vibrations of С-О-С and С-С-О bonds in heterocycle 
structure
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1083, 1064, and 1012 Symmetrical stretching vibrations of C-O-C and C-C-O bonds
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946 C-O-C bond of pyranose ring
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844 Out-of-plane bending vibrations in hydroxyl group of ring B
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787 and 766 Deformation vibrations of C-H bond in aromatic structures
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730 Out-of-plane deformation vibration of C-C bond

Figure 16 Trans-cinnamic acid: structure
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Table 6 Features of the infrared spectrum of trans-cinnamic acid

№ Structural fragments Wave number, cm–1 Type of vibrations/bonds of structural fragments
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1680 The C=C bond in diene fragment
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1631 Stretching vibrations of C=O bond in carboxyl group
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1576, 1451, 1420, and 1176 Planar stretching vibrations of C-C bond in aromatic 
fragments
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1332, 1313, and 1221 Planar deformation
vibrations of О-Н bond
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1285 Stretching vibrations of C-O bond
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979 Planar bending vibrations of hydroxyl groups in the ring
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766 Out-of-plane deformation vibration of C-C bond

Figure 18 Chrysin: infrared spectrum

Figure 19 Baicalein: infrared spectrum 
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Figure 17 Oroxylin A: infrared spectrum
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Figure 20 Scutellarin: infrared spectrum
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of-plane and in-plane vibrations of the C-H bond.  
Ring B demonstrated out-of-plane deformation vib- 
rations of the C-C bond at 730 cm–1.

The infrared spectrum of trans-cinnamic acid (phe- 
nylpropenoic acid) demonstrated the following distinc- 
tive features (Table 6).

The 3064 cm–1 band appeared as a result of the stret- 
ching vibrations in the diene fragment of the = С-Н 
bond of phenylpropenoic acid. The stretching vibrations 
of the C-H bond in the benzene ring were responsible for 
the 3026 cm–1 band. These bands were typical of trans-
cinnamic acid.

The band at 1680 cm–1 could also be considered as 
the C=C bond in the diene fragment. The 1631 cm–1 band 
was caused by the stretching vibrations in the carboxyl 
fragment. The bands at 1576, 1451, 1420, and 1176 cm–1 

resulted from the stretching vibrations of С-Н bonds in 
the aromatic fragment. The absorption 1451 cm–1 band 
was associated with the bending vibrations of the C-O-H 
bonds in the carboxyl fragment. The bands at 1332, 1313, 
and 1221 cm–1 occurred as a result of bending vibrations 
of the O-H bond and the stretching vibrations of the C-O 
bonds, including those in the carboxylic fragment of 
trans-cinnamic acid. The 1285 cm–1 band was associated 
with the stretching vibrations of the C-O bond.

The 979 cm–1 band could be explained by the diene 
fragment in the trans form. The monosubstituted ring 
demonstrated out-of-plane deformation vibrations of the 
C-C bond at 766 and 711 cm–1.

CONCLUSION
This article introduced a novel technology for the 

isolation and purification of target biologically ac- 
tive components from callus cultures obtained from 
Scutellaria baicalensis L. The results are of practical 
interest for the pharmaceutical and food industries, 
which demonstrate a high demand for both total extracts 
and individual highly-pure secondary metabolites 
of this plant raw material. The new biocultivation 
method proved effective for secondary metabolites 
and triterpenoids. The optimal extraction conditions 
involved 70% ethanol as extractant at 70°С for 6 h 
and provided a total extract with a high yield of tar- 
get substances and a minimal content of ballast compo- 
nents. The proposed algorithms for the isolation of in- 
dividual components using sorption-chromatographic 
technologies also provided efficient scaling. Therefore, 
the proposed extraction and sorption-chromatogra- 
phic methods can be used in laboratory practices and 
industrial production of pharmaceutical substances and 
functional foods.

In this attempt to rationalize the isolation of 
individual biologically active substances from S. baica- 
lensis callus extracts, the main task was to isolate 
physiologically active substances in their native state 
and purify them from ballast.
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